There is current interest in a type of degeneration of the cornea which is now termed either droplet keratopathy (Freedman, 1973a) or spheroid (spheroidal) degeneration . Spheroidal or nodular deposits of abnormal hyaline material accumulate in Bowman's layer and the superficial stroma. At least 12 English-language papers have described the light or electron microscopy of this condition. They included material from regions where external climatic factors appeared to be the main aetiological agent (Klintworth, 1972; D'Alena and Wood, 1972; Garner et al., 1973; Johnson and Ghosh, 1975) , cases from temperate regions where no definite aetiology was proposed (Etzine and Kaufmann, 1964; Christensen, 1973; Garner et al., 1976) , and cases of spheroidal degeneration in association with a corneal dystrophy (Garner, 1970) , and in association with other intraocular disease and trauma Brownstein et al., 1973; Rodrigues et al., 1975; Cursino and Fine, 1976) .
Analysis of all the staining reactions reported shows a good general agreement between authors, who used tissue from different sources. Within the spheroidal bodies there is a protein, containing a considerable proportion of the amino-acids trypto-phan, tyrosine, cysteine, and cystine, which are not normally present in the corneal stroma in large amounts. The deposits also have some of the staining properties of ribonucleic acid. At one time the protein was thought to be related to keratin and was labelled 'keratinoid' (Garner, 1970) . The most popular terms at present are 'elastotic degeneration' or 'elastosis', but Garner et al. (1976) have now shown that the deposits do not stain with 2 of the characteristic stains for elastic tissue. The precise chemical identity of the material has therefore not yet been determined. Most authors imply that it is formed in situ from structural components of the cornea. Klintworth (1972) , however, proposed that degenerate elastotic material formed from collagen beneath the adjacent conjunctiva might be diffusing into the cornea.
The form of droplet keratopathy, or spheroidal degeneration, seen with such remarkable frequency in the people of Northern Newfoundland and Labrador was originally described in a classic paper by Freedman (1965) under the title 'Labrador Keratopathy'. Additional details of the clinical features and prevalence in that geographical area may be found in the reports by Gillan (1970) , Freedman (1973a Freedman ( , 1973b , Wyatt (1973) , Johnson and Ghosh (1975) , and Young and Finlay (1975) .
The electron microscopy of specimens from Northern Newfoundland and Labrador has already 53 (Johnson and Ghosh, 1975 The pathological specimens were stained by the methods listed in Table 2 using standard techniques according to Pearse (1968) or Culling (1974 
Results
The staining reactions of the droplets are summarised in Table 2 . The results were very similar in all specimens tested. With methyl green pyronin the spheroids stained bright pink. This was not altered by pretreatment with RNA-ase for 2 hours. Similarly, the pale grey staining with gallocyanin chromalum was unaffected by RNA-ase. These reactions are therefore not consistent with the material being ribonucleic acid.
The Martius-scarlet-blue method stains fibrin red. The red or orange-brown reaction of the material in these droplets indicated a staining property in common with fibrin (Fig. 8) .
The size and distribution of individual droplets were shown up particularly well by Mallory's phosphotungstic acid-haematoxylin method. At the extreme periphery, in the early stages of the keratopathy, there was characteristically a margin of cornea free of droplets ( Fig. 1 ). The margin of the affected layer began abruptly with a dense accumulation of rather large spheroids. These became both smaller and sparser towards the centre of the cornea (Fig. 2 ). They were absent from the pupillary area in grade I. The deep purple of the droplets with this stain was suggestive of fibrinoid rather than of fibrin, which should appear a bright blue. In a more severe grade of keratopathy the periphery of the larger droplets stained darker than the centres of droplet material; Bowman's membrane was also destroyed in this specimen (Fig. 4) . The droplets in all the specimens showed an intense white-yellow natural fluorescence. The fluorescence was rather less pronounced after staining with thioflavin T. The Congo red reaction for amyloid was negative.
IMMUNOPEROXIDASE METHOD
The density of staining of the corneas by the immunoperoxidase method varied widely according to the plasma component against which the antibody was active, and also varied to some extent between the different specimens.
The results in Table 3 are ranked according to intensity of average overall staining of the cornea, being greatest for albumin and least for c-2 macroglobulin. The density of staining did not appear to depend on whether formol-saline or Carnoy's was used for fixation. With each antibody the staining was most concentrated in the periphery of the anterior stroma of the cornea. The high density in this region, closest to the limbal vessels, was particularly noticeable in the case of fibrinogen and oc-2 macroglobulin and to a lesser extent for transferrin and C3. For ot-2 macroglobulin it was usually the only area showing any trace of stain. For albumin the staining was most dense at the periphery of the cornea, but at all depths, more centrally, the staining for albumin became concentrated anteriorly beneath Bowman's membrane and posteriorly beneath Descemet's. With all other antibodies the staining of the central stroma was fairly uniform for all depths.
It was noticeable that with antialbumin Bowman's membrane did not stain in the controls and appeared as a bright line (Fig. 5 ). Its peripheral termination was therefore easily visible in these sections, though it did take up some stain in the pathological cases. Antifibrinogen on the other hand gave a denser stain with Bowman's layer than any other part of the cornea, as though fibrinogen had a particular affinity for this membrane.
Case 2 differed from the other pathological specimens in that a whole anterior segment was available. With each of the antibodies the area of There is no evidence in any report or in these studies of a major carbohydrate component. Natural fluorescence in the case of amyloid is thought to reflect a high tryptophan and tyrosine content, and possibly an organised and orientated structure (Pearse, 1968) . The explanation of the natural fluorescence of the corneal droplets from Labrador may be the same. However, the Congo red stain did not support the presence of amyloid, nor have previous electron micrographs (Johnson and Ghosh, 1975) given an impression of the fibrillar structure of amyloid.
The recent consensus has been to designate the spheroids as 'elastotic degeneration' or 'elastosis' (Brownstein et al., 1973; Rodrigues et al., 1975) .
However, Garner and colleagues (1976) showed that spheroids in the cornea did not stain with either orcein or aldehyde fuchsin as if they had properties of elastic tissue, differing in this respect from elastotic material beneath pingueculae. On the other hand degenerated material from both sites stained with Verhoeff-van Gieson. This has now been confirmed in the tissue from Labrador (Fig. 7) .
Gillman and his associates (1954) stressed the value of Mallory's phosphotungstic acid haematoxylin in distinguishing between 'fibrinoid', which stained purple as in our sections, and elastotic collagen (pale yellow or unstained). In a consideration of the class of protein which the droplets might contain the positive staining with Martius-scarletblue for a fibrin-like material becomes important. Lendrum et al. (1962) recommended this stain for the demonstration of fibrin; by staining both collagen and fibrin strong and different colours it shows their relationship with clarity (Fig. 8) . In our sections there was no transitional zone between the surrounding collagen and the droplets.
However, the material is unlikely to consist predominantly of unaltered fibrin because of its consistent autofluorescence. Moreover, the immunoperoxidase method indicated that the droplets do not lie in the areas where a substance behaving antigenically as fibrinogen is most highly concentrated. Fibrin is known to change its staining properties as it ages, but the Masson 44/41 method did not give the blue-black stain characteristic of old fibrin (Fig. 9) .
The term 'fibrinoid' may be used to describe material derived from collagen in a rheumatic nodule. The keratopathy droplets are unlikely to be fibrinoid in this sense because of the demonstration in previous studies of the high content of tryptophan. So-called 'vascular fibrinoid', on the other hand, has been found to be composed largely of fibrin. Lendrum and associates (1962) pointed out that fibrinogen escaping from the lumen of an artery and precipitated intramurally as fibrin forms a spongework or filter which traps and concentrates other substances leaking out from plasma. The deposited admixtures of fibrin and other proteins in this site are thought to bring about slight differences in the staining reaction of the adulterated fibrin.
Staining reactions for fibrin are, according to Lendrum et al. (1962) dependent on the 'fine structure' of the material rather than on a simple chemical reaction in the ordinary sense. This fine structure probably undergoes change with age. The droplets of climatic keratopathy are thought on clinical grounds to accumulate and increase in size very slowly over many years.
If the term fibrinoid is used to signify a material composed of plasma protein derivatives, including fibrin, then it might be applied to these droplets. From the staining reactions described above we should prefer at present to call the abnormal material of the droplets 'fibrinoid' rather than 'elastotic degeneration'.
CLINICAL OBSERVATION
Well-established clinical observations on the Labrador variety of this disease have not been sufficiently taken into account in discussions of the source and composition of the droplets. In his initial report Freedman (1965) clearly described the earliest stages, in which the droplets are first seen in the interpalpebral strip of exposed cornea at the temporal and nasal margins. The border of the zone of droplet deposition is separated from the nasal margin by a strip of clear cornea and is irregular, like a 'geographical coastline'. Towards the middle of the cornea the droplets become smaller and more sparsely arranged; only in the advanced stages do they reach the optical axis. Although the marginal strip is not completely free of droplets in every case, this general appearance (Fig. 13) has been confirmed by Johnson and Ghosh (1975) and Young and Finlay (1975 All observers who have studied the disease in Labrador have no doubt that it is caused by exposure to a climatic factor. Demographic evidence (to be published separately) points to ultraviolet light as the essential agent. If the droplets were being formed from a structural component of the corneal stroma such as collagen, it would be expected that a uniform band of degeneration would extend across the whole width of the cornea even in the early stages. It might be expected that the same argument would apply to other theories of the origin of the material, such as from the turnover of the protein of the basement membrane or its derivation from disturbed keratocytes.
Another reason why the droplets cannot be formed from collagen without the accretion of extraneous protein material is their amino-acid composition. Type I collagen, of which the corneal stroma is composed, contains no tryptophan, cysteine, or cystine, very little tyrosine, and fairly small amounts of histidine. Methionine is present as less than 6 residues per 1000 (Lian et al., 1973) . Tryptophan, tyrosine, and sulphur-containing aminoacids have all been demonstrated in considerable amounts in the droplets by other authors. The amino-acids which absorb ultraviolet light and undergo chemical degradation most easily are tryptophan and histidine, followed by cysteine, methionine, and tyrosine. As proteins go, therefore, collagen must be one of the most inert to ultraviolet. It is also extremely unlikely that changing the molecular configuration of collagen would make it dense enough, unstained, by electron micrography to be consistent with our result if it were the main component of the droplets.
PLASMA COMPONENTS IN THE CORNEA
There is good evidence that plasma constituents are normally present in the cornea as a result of diffusion from limbal vessels. Serum albumin appeared to be diffusing from the periphery of the cornea to the centre (Maurice and Watson, 1965) and also diffused out into the anterior chamber through the endothelium. It was present in the periphery of the cornea at 5 times the concentration in the centre. Immunoglobulins of classes IgG and IgA are also known from immunofluorescence studies to be present in the stroma of the human cornea although not conspicuous in Bowman's layer (Allansmith et al., 1973) . In another study in which radioactively labelled IgG was injected into the periphery of the cornea the ratio of its concentration in the centre to that in the periphery varied from 1: 10 5 at 2 days to 1: 2-2 at 8 days after injection (Stock and Aronson, 1970) .
It is suggested from the results of this study that some of the plasma proteins during their diffusion through the cornea may be acted upon by ultraviolet light, which is absorbed by tryptophan in particular. The absorbed energy causes a primary reaction in the photosensitive amino-acids, which eventually results in precipitation of altered proteins in the stroma and particularly in Bowman's layer, possibly on a matrix of collagen fibrils, which may or may not themselves be altered. If this is what happens, the droplets might then be expected to contain a mixture of altered plasma constituents, including a proportion of fibrin. Different staining reactions, which at present appear contradictory, may reflect the diverse chemistry of the components of the spheroids. Our immunoperoxidase results suggest that, of the plasma constituents tested, albumin, immunoglobulins G and A, and possibly transferrin, are present in the greatest concentrations in the zones where the deposits accumulate.
The cornea is the only part of the body where plasma proteins are exposed directly to light while diffusing across a tissue which is normally devoid of blood vessels. Under climatic conditions where snow blindness and inflammation of the eyes are almost constant it is also likely that the limbal vessels may leak more plasma constituents than usual.
We have noted that plasma proteins such as albumin and IgG are normally present in greater concentration in the periphery than the centre of the cornea, so that the build-up of altered protein might be expected to be greatest in the periphery of the interpalpebral strip. The corneal margin, which is usually free of droplets in early keratopathy, could be interpreted in one of three ways:
(1) The rate of diffusion adjacent to the limbus may be too great for the plasma proteins to be significantly acted upon by light until they have travelled a measurable distance from the limbal vessels.
(2) Alternatively, protein which has undergone the initial stages of transformation may be reabsorbed from this zone before it can be precipitated.
(3) It is also possible that the rather clear-cut outer edge of the area of droplet deposition may coincide with the peripheral termination ofBowman's membrane. Unless it could be shown, however, that Bowman's layer was destroyed round an invading blood vessel, the clear zones observed round such vessels argue against this third explanation. In addition, some droplets were seen by the immunoperoxidase method to be present in an area peripheral to the clear-cut termination of Bowman's layer, even in grade I, and are evidently not dependent on some physical property of this membrane in order to accumulate.
The idea that the abnormal spheroidal deposits are formed from plasma constituents present in the cornea and subconjunctival tissue under normal conditions is attractive in that it offers explanations of how similar material could also be laid down beneath the conjunctiva and in the cornea in a variety of intraocular diseases, and with advancing age, as well as under the influence of external climatic factors.
